Denitrification has been proposed to be a major N loss mechanism from flooded systems, but direct measurement of the N, product has met with little success. A laboratory experiment was undertaken to determine if 15 N-labeled dinitrogen gas was encapsulated in the saturated soil after applied 
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F LOODED RICE (Oryza saliva L.) uses applied N in-
efficiently and recovery of fertilizer N rarely exceeds 40% (Craswell and Vlek, 1979; DeDatta, 1981) . Ammonia (NH 3 ) volatilization and/or denitrification can be major N loss mechanisms from the flooded soil-rice system (Patrick, 1982; Fillery et al., 1984) . In the past, N losses due to NH 3 volatilization and denitrification (N 2 O, N 2 ) have been determined from the difference between fertilizer N additions, N uptake by crops, N leaching and residual soil N. Nitrogen balance studies were used as an indirect measure of N losses. Direct measurement of NH 3 volatilization and denitrification have been restricted due to problems involved in making accurate field measurements and availability of high precision instrumentation (Freney et al., 1983; Ryden and Rolston, 1983; Parkin et al., 1984) .
Micrometeorological techniques are now being used to quantify NH 3 volatilization from flooded rice systems. These techniques are preferred because they do not disturb soil or environmental processes which affect gas exchange (Denmead, 1983; Fillery et al., 1984; Fillery and S.K. DeDatta, 1986) . Very few field experiments have quantified the rates and absolute amounts of denitrification. Direct measurement of N 2 and N 2 O has been achieved in nonflooded systems using gas chromatographic techniques (N 2 O) and isotope ratio mass spectrometers to measure the (R.olston et al., 1976; Mulvaney and Kurtz, 1982; Mosier et al., 1986; Mulvaney and Boast, 1986) . Published results on direct measurement of measurable N 2 denitrification fluxes from flooded field systems is severely lacking at this time. Lindau and Patrick (unpublished data, 1987) N-urea (30, 64, and 99 atom % 15 N), collection times up to 24 h and headspace heights minimized to 2-3 cm were tried.
The objective of this study was to assess the possibility some fraction of the I5 N 2 being produced during denitrification was being trapped beneath the floodwater in the saturated soil layers.
Materials and Methods
The soil used for the laboratory experiment was a Crowley silt loam (Typic Albaqualfs). It contained 7.0 g total C kg~' and 0.8 g total N kg '. Its cation exchange capacity was 9.4 cmol c kg" 1 of soil, and it had a pH of 5.8 (1:1, soil/water). The soil contained 10.8% clay, 70.7% silt, and 9.5% sand.
Laboratory Procedures
Large Pyrex® tubes (45.5-cm length by 5.0-cm i.d.) were fitted at the top with 34/45 ground glass joints and a stopcock and rubber septum for gas sampling (Fig. 1) . Two hundred and fifty g of air-dried soil ground to pass through a 0.50-mm mesh sieve were placed in the tubes and lightly tapped until a 13-cm soil column formed. Distilled water was added to the soil from the bottom to prevent air entrapment, and a 2.0-cm floodwater layer established. The soil was incubated in the dark under atmospheric conditions for two months until a distinct aerobic-anaerobic interface developed (Reddy and Patrick, 1984) . Labeled urea (64 atom % I5 N) and KNO 3 (71 atom % 15 N) were dissolved and added to the column floodwater at a rate of 120 kg N ha~'. The column tops were sealed and the soil allowed to incubate for periods of 5, 10, 20, or 33 d at room temperature (24-26 °C). A manometer was fitted to one column to monitor pressure changes within the sealed system over the incubation period. Only slight variations in pressure were observed and were attributed to minor changes in laboratory temperature. At the end of each incubation duplicate columns were removed for analysis. A gas-tight syringe was 1-*- used to mix the headspace gases and to extract a 7-mL aliquot for analysis of I5 N 2 and O 2 . Two milliliters were injected into a Dupont 21-621 mass spectrometer for O 2 determination. The remaining 5 mL were circulated through a high vacuum preparation system to remove O 2 and other contaminants. Liquid N was used to trap N 2 O and a hot Cu furnace (400 °C) removed O 2 from the sample (Kreitler, 1974) . The purified N 2 samples were analyzed on a Finnigan MAT Delta E isotope ratio mass spectrometer equipped with a dual inlet and a collector assembly for simultaneous analysis of masses 28, 29, and 30. Control air samples were subjected to the same procedures. After withdrawing 7 mL, the soil columns were vigorously shaken and placed in an ultrasonic bath to release I5 N 2 entrapped within the soil. A second 7-mL aliquot of headspace gas was then removed and analyzed as described above.
Results and Discussion
Data in Table 1 Oxygen content in the headspace of unshaken laboratory columns decreased from 21.0% at 5 d to 18.1% after 33 d. The headspace O 2 concentration in the urea amended columns was 0.5 to 1.0% less compared to the KNO 3 amended cores 10, 20, and 33 d after N addition. The thickness of the oxidized layer for both the urea and KtfO 3 columns was 7-10 mm at 10 d, but increased to a 3-cm thickness after 20 d and to 4 cm after 33 d in the columns receiving the NOf addition. The aerobic layer in the urea columns remained at 7-10 mm through 20 d, but gradually increased to 15-18 mm after 33 d. The aerobic layer depth of a control column remained at 7-10 mm throughput the sampling time. The rate of aerobic layer thickening was lower with urea than KNO 3 because added urea-N unlike NO^-N must undergo nitrification, which consumes O 2 , prior to denitrification Reddy and Patrick (1984) . The slower production of N 2 from urea than from KNO 3 is expected since urea must undergo hydrolysis and nitrification prior to denitrification. The laboratory data revealed significant quantities of applied 15 N can be dentrified and trapped within the soil layers as N 2 up to 33 d after N application. Denitrification of applied l5 N-urea and 15 N-KNO 3 appears to be a fairly rapid process. Denitrification apparently began before the day 5 in the columns receiving KNO 3 and before the day 10 in the columns amended with urea since I5 N 2 was detected in the headspace gases on these sampling days.
Detailed field experiments are needed to assess the significance of gas entrapment and its overall contribution to the N cycle in flooded soil systems and significance in gaseous nitrogen flux studies. In addition, direct measurement and quantification of denitrification products need to be compared to indirect measures of N denitrification losses calculated from N balance studies. 
DETERMINATION OF ALUMINUM EXTRACTED FROM SOILS BY ION CHROMATOGRAPHY

T HE DETERMINATION OF AL in soil extracts is often
plagued by the presence of interfering substances and matrix complications, which provide poor sensitivity and sometimes erratic reproductibility. Several colorimetric techniques provide excellent detection limits in solutions containing relatively low concentrations of interfering ions and relatively simple matrices (Bloom et al, 1978; Barnhisel and Bertsch, 1982) . The analyses become greatly complicated in various soil extracts which may impart matrix problems or have elevated concentrations of Ca, Si, Mg, Fe, and Mn. Page and Bingham (1962) Davenport, 1949; Jayman and Sivasubramaniam, 1974) .
In soil solutions or salt extracts (KC1, NH 4 C1) utilized to estimate exchangeable Al, these problems can generally be surmounted with proper pretreatments, and a variety of colorimetric assays can be effectively utilized for the determination of Al (Barnhisel and Bertsch, 1982) . In other soil extracts, however, such as NH 4 -oxalate which is often employed to estimate the noncrystalline Al fraction, the matrix complications and concentrations of interfering substances prohibit the use of the more reproducible colorimetric techniques, thus atomic absorption or inductively coupled plasma emission spectroscopic methods are usually employed, with resultant poor sensitivity.
In recent years, ion chromatography (1C) has become increasingly popular as a method for determining cationic and anionic species in waters, solutions, and soil extracts (Basta and Tabatabai, 1985) . Most of these techniques have exploited efficient separation of specific ionic species in ion exchange columns followed by ionic strength suppression, and finally, conductometric detection. The determination of other metals and organics is also possible following post column reaction or derivatization with the use of alternate detection systems such as UV/Vis, fluorometric, pulsed amperometric, or electrochemical detectors. The advantages of the 1C methods for these applications include the inherent elimination of interfering substances via column separation, the ability for multiple determination of a variety of metals in a single injection, and the ease of full automation.
In this investigation, 1C methods were evaluated for the determination of Al in soil extracts by post column reaction with a variety of commonly utilized metallochromic indicators and subsequent measurement by a UV/Vis detector.
Materials and Methods
Soils and Extractions
The soil samples and soil horizons used in this study varied widely in pH, texture, and cation exchange capacity (CEC). The soils were air dried and ground to pass a 2-mm mesh sieve. Exchangeable Al was determined on triplicate 5-g samples that were weighed into 50-ml polyethylene centrifuge tubes, to which 25 mL of 1 M NH 4 C1, 1 M KC1, 0.5 M CuCl,, or 0.33 M LaCl 3 were added. The samples were shaken for 30 min on an Eberbach shaker at 3 Hz, centrifuged, and the supernatant filtered through a 0.4-jum polycarbonate filter. This procedure was repeated twice more, arid the supernatants combined and acidified to pH 0.9 with Ultrex® HC1.
Noncrystalline Al was determined on the Dothan soil samples utilizing NH 4 -oxalate extraction in the absence of light (McKeague and Day, 1966) . One-gram samples were weighed into 50-ml polyethylene centrifuge tubes, 30 mL of the NH 4 -oxalate solution were added, and the samples were placed on an Eberbach shaker at 3 Hz for 4 h. Following extraction, the samples were centrifuged and decanted through a 0.4-^m polycarbonate filter and the filtrates stored for analysis. Appropriate volumes of the NH 4 -oxalate extracts were transferred to porcelain evaporating dishes, ashed, and resolubilized following the procedures for total Al presented by James et al. (1983) .
